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ABSTRACT 


A  series  of  propulsion  experiments  were 
performed  on  Model  5362,  representing  a  Stretched 
PONCE  DE  LEON  Class  RQ/RO  ship.  The  model  was 
fitted  with  two  sets  of  design  contrarotating 
propellers.  The  results  of  the  propulsion 
experiments  indicate  that  the  ship  when  equipped 
with  either  set  of  contrarotating  propellers 
should  achieve  design  speed  with  12-13%  less  power 
than  when  fitted  with  the  design  single  screw 
propeller.  The  methods  used  in  analyzing  the 
data  are  discussed. 

ADMINISTRATIVE  INFORMATION 

This  project  was  authorized  and  funded  by  the  Naval  Materials  Command 
(NAVMAT)  Ship  Performance  and  Hydromechanics  Program  under  Program  Element 
62543N,  Subproject  Number  43-421-001,  Work  Unit  1-1500-104-10. 

INTRODUCTION 

The  results1  of  the  initial  propulsion  experiments  with  a  model 
of  the  stretched  PONCE  DE  LEON  (SPDL)  Class  RO/RO  ship  fitted  with 
contrarotating  propellers  indicated  that  the  thrust  deduction  values  may 
be  effected  by  the  relative  longitudinal  position  of  the  propeller  set. 
Further,  the  design  torque  ratio  of  the  propellers  was  not  met.  A  project 
was  supported  by  the  Naval  Material  Command  (NAVMAT)  to  determine  the 
effects  of  the  relative  longitudinal  position  of  the  propellers  and  rpm 
ratio  on  the  propulsive  characteristics  of  the  SPDL. 

Propulsion  experiments  were  performed  on  Model  5362,  representing 
a  Stretched  PONCE  DE  LEON  Class  R0/R0  ship,  using  two  sets  of  design 
contrarotating  propellers.  One  set  of  propellers  was  designed  at  DTNSRDC, 
and  the  other  set  was  designed  by  the  LIPS  Propeller  Works  (LIPS)  in  the 
Netherlands.  These  propellers  were  designed  using  data  from  earlier 
wake  survey  experiments  on  Model  5262. 
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The  first  series  of  propulsion  experiments  were  performed  in  November 
1978,  with  the  model  at  the  full  load  and  ballast  displacements.  The 
contrarotating  propellers  were  driven  at  a  fixed  rpm  ratio  of  1.0.  The 
torque  ratio,  thrust  deduction,  and  propulsive  coefficient  values  were 
lower  than  was  expected.  Also,  the  differences  between  the  thrust  deduction 
values  for  the  two  sets  of  design  contrarotating  propellers  were  larger 
than  expected.  One  possible  explanation  for  the  differences  in  the  thrust 
deduction  values  was  the  fact  that  the  LIPS  propellers  were  designed  so  that 
the  aft  propeller  was  closer  to  the  rudder  than  was  the  a ft  DTNSRDC  propeller. 

Additional  propulsion  experiments  were  undertaken  in  April  1979  to 
repeat  some  of  the  earlier  experiments  and  to  examine  the  effects  of 
propeller  location  on  the  propulsive  performance.  Alterations  were  made 
to  allow  the  DTNSRDC  propellers  to  be  moved  aft  to  the  LIPS  design  position, 
and  the  LIPS  propellers  to  be  moved  forward  to  the  DTNSRDC  design  position. 

In  addition,  propulsion  experiments  were  performed  on  the  model  using 
the  DTNSRDC  design  contrarotating  propellers  driven  at  a  fixed  rpm  ratio 
of  1.05.  All  of  the  propulsion  experiments  in  April  1979  were  performed 
with  the  model  at  the  full  load  displacement. 

The  new  propulsive  coefficient,  thrust  deduction,  and  torque  ratio 
values  were  more  reasonable.  However,  there  still  were  problems  with  the 
thrust  measurements,  particularly  as  shown  by  the  thrust  ratio  values. 

The  results  of  the  propulsive  experiments  from  November  1978  and 
April  1979  have  been  analyzed  and  reported  .  This  report  discusses  the  diffi¬ 
culties  with  the  data,  and  presents  the  methods  used  to  analyze  the  data 
to  obtain  meaningful  results. 
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EXPERIMENTAL  ARRANGEMENT 

Model  5362  was  constructed  from  wood  to  represent  a  Stretched  PONCE 
DE  LEON  (SPDL)  Class  RO/RO  Ship,  using  a  linear  ratio  of  25.20.  The  model 
and  ship  dimensions  are  presented  in  Table  1,  and  the  stern  lines  drawing 
Is  shown  in  Figure  1. 

The  model  was  ballasted  for  testing  at  representative  full  scale 
conditions  of  (a)  full  load  displacement  of  30,060  tons  (30,540  t)  and 
draft  of  27.0  feet  (8.23  m)  at  an  even  keel,  and  (b)  ballast  displacement 
of  22,535  tons  (22,900  t)  and  drafts  of  16  feet  (4.88  m)  at  the  bow  and 

27  feet  (8.23  m)  at  the  stern. 

Two  sets  of  design  contrarotating  propellers  were  used  in  the  propulsion 
experiments.  The  first  set,  consisting  of  Propellers  4731  and  4732,  were 
designed  and  built  at  DTNSRDC.  The  second  set,  consisting  of  Propellers 
9019  and  9020,  were  designed  by  the  LIPS  Propeller  Works  and  built  at  the 
Netherlands  Ship  Model  Basin  (NSMB) .  Figures  2  and  3  show  photographs 
of  the  DTNSRDC  and  LIPS  design  propellers.  Figures  4  to  5  show  the 
propeller  drawings,  and  Tables  2  to  5  compare  offsets  from  the  model  pro¬ 
pellers  with  the  design  values. 

The  LIPS  propellers  are  designed  so  that  the  aft  propeller  is  closer 
to  the  rudder  than  is  the  aft  DTNSRDC  propeller.  Alterations  were  made 
to  both  propeller  sets  to  allow  the  DTNSRDC  propellers  to  move  aft  to  the 
UPS  propellers  design  position,  and  the  LIPS  propellers  to  move  forward 
to  the  DTNSRDC  propeller  design  position.  This  represents  a  shift  in 
propeller  position  of  0.56  m  (1.84  feet)  at  the  full  scale.  Figures  8 
and  9  show  the  model  with  the  propellers  in  their  design  position,  and 
Figures  10  and  11  show  the  model  with  the  propellers  in  the  exchanged 
positions.  These  alterations  were  made  by  attaching  different  thickness 
spacers  to  the  front  of  the  DTNSRDC  and  LIPS  forward  propeller  hubs. 

A  shorter  fairwater  is  used  with  the  DTNSRDC  propellers  in  the  aft  position 
because  the  original  fairwater  would  interfere  with  the  rudder. 


The  contrarotating  propeller  shafting  consists  of  a  solid  Inner  shaft 
and  a  hollow  outer  shaft.  The  Inner  shaft  bearings  are  Inside  the  hollow 
shaft,  and  the  bearings  for  the  hollow  shaft  are  positioned  in  the  model  as 
for  a  normal  single  shaft  propulsion  arrangement.  Both  shafts  deliver  power 
to  the  propeller  from  a  single  motor  using  a  pair  of  gearboxes  to  divide 
the  power  between  the  two  shafts.  By  using  different  gearboxes,  the  rpm 
ratio  CNp/N^)  can  be  altered.  Since  the  shafting  has  to  be  adjusted  every 
time  tne  propellers  are  changed,  the  gearboxes  and  dynamometers  are  mounted 
on  a  steel  base  plate  near  the  stern  of  the  model  to  reduce  shafting  and 
dynamometer  alignment  problems. 


DISCUSSION  OF  EXPERIMENTS  AND  MEASURED  DATA 
OPEN  WATER  EXPERIMENTS 

In  order  to  characterize  the  propellers,  open  water  experiments  for 

both  pairs  of  design  contrarotating  propellers  were  performed  prior  to 

the  November  1978  and  April  1979  propulsion  experiments.  The  experiments 

were  performed  in  the  deep  water  basin  at  DTNSRDC  using  the  Center's 

propeller  boat.  The  two  propellers  were  not  geared  together,  but  both 

propeller  rpm's  were  carefully  adjusted  to  achieve  an  rpm  ratio  (N  /N  ) 

r  A 

of  1.0.  Another  series  of  open  water  experiments  were  performed  in  May 

1980  with  the  DTNSRDC  propellers  operating  at  an  rpm  ratio  (N  /N  )  of  1.05. 

F  A 

Figures  12  to  16  show  the  unit  and  individual  open  water  curves  for 
the  DTNSRDC  and  LIPS  design  propellers  from  the  November  1978  open  water 
experiments  and  Figures  16  to  19  from  the  April  1979  open  water  experiments 
at  an  rpm  ratio  (Nf/Na)  of  1.0.  Figures  20  and  21  show  the  unit  and 
individual  open  water  curves  for  the  DTNSRDC  design  propellers  at  an  rpm 
ratio  0f  1.05  from  the  May  1980  open  water  experiments.  The 

thrust  ratios  (Tf/Ta)  and  torque  ratios  (Qp/QA)  are  also  plotted  on  the 
unit  open  water  curves.  It  should  be  noted  that  the  experimental  accuracy 
for  open  water  experiments  with  contrarotating  propellers  is  considered 
to  be  +  3  percent.  The  coefficients  for  the  unit  open  water  curves  are 
defined  as  follows: 
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The  coefficients  for  the  forward  propeller  open  water  curves  are  defined 
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and  the  coefficients  for  the  aft  propeller  open  water  curves  are  defined 

as. 
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The  open  water  coefficients  are  based  on  the  forward  propeller  rpm 

and  diameter;  and  it  should  also  be  noted  that  the  torque  developed  by  the 

after  propeller  has  been  adjusted  by  a  factor  of  n  /n^,  in  the  equations 

for  K  and  K  .  This  is  to  permit  the  definition  of  the  torque  coefficient 
y  XA 

(Kq)  for  the  contrarotating  propeller  set  as  the  sum  of  the  individual 
propeller  torque  coefficients. 

DTNSRDC  DESIGN  CONTRAROTATING  PROPELLERS 
RPM  RATIO  OF  1.0 

The  DTNSRDC  design  contrarotating  propellers  operated  in  a  range  of 
J  values  (based  on  thrust  identities)  from  1.0  to  1.1  over  a  ship  speed 
range  of  8.24  m/s  (16  knots)  to  13.38  m/s  (26  knots).  There  was  a  drop 
in  open  water  efficiency  values  from  the  November  1978  to  the  April  1979 
open  water  experiments. 

Over  the  range  of  J  values  from  1.0  to  1.1,  the  forward  propeller 

showed  an  average  decrease  in  values  of  2. 4  percentage  points  from 

November  1978  to  April  1979.  The  aft  propeller  showed  an  average  decrease 

in  rj  values  of  3.1  percentage  points,  and  the  propellers  operating  as 
'o 

a  unit  showed  an  average  decrease  in  values  of  2.8  percentage  points 
from  November  1978  to  April  1979.  The  drop  in  qQ  values  was  caused  by 
an  increase  In  the  torque  values  from  both  propellers  during 
the  April  1979  open  water  experiments. 


5 


j 


..  .V 


Even  though  the  thrust  and  torque  values  Increased  for  both  propellers 
during  the  April  1979  open  water  experiments,  there  was  very  little  change 
in  the  torque  ratio  and  thrust  ratio  (T^/T^)  values. 

RPM  RATIO  OF  1.05 

The  DTNSRDC  design  contrarotating  propellers  operated  in  a  range  of  -I 

values  from  .98  to  1.04  over  a  ship  speed  range  of  8.24  m/s  to  13.38  m/s. 

There  was  virtually  no  change  in  unit  open  water  efficiency  between  an  rpm 

ratio  (N„/N.)  of  1.05  and  an  rpm  ratio  of  1.0. 

F  A 

At  the  J  values  correspond ing  to  the  ship  speed  of  11.9  m/s  (23.1  knot 

the  forward  propeller  showed  an  increase  in  17  values  of  2.9  percentage 
points  from  an  rpm  ratio  of  1.0  to  an  rpm  ratio  of  1.05.  The  aft  propeller 
showed  decrease  in  tjq  values  of  2.4  percentage  points,  and  the  propellers 
operating  as  a  unit  showed  a  small  increase  in  values,  0.7  percentage 
points,  from  an  rpm  ratio  of  1.0  to  an  rpm  ratio  of  1.05.  It  should  be 
noted  that  the  values  used  in  this  comparison  for  an  rpm  ratio  of  1.0  were 
the  averages  from  the  November  1978  and  April  1979  open  water  experiments. 

LIPS  DESIGN  CONTRAROTATING  PROPELLERS 

The  LIPS  design  contrarotating  propellers  operated  in  a  range  of  J 
values  from  0.95  to  1.05  over  a  ship  speed  range  of  8.24  m/s  to  13.38  m/s. 

There  was  a  decrease  in  open  water  efficiency  values  with  the  forward 
propeller  from  November  1978  to  April  1979.  The  open  water  efficiency 
values  from  the  aft  propeller  and  the  propellers  operating  as  a  unit  showed 
an  increase. 

Over  the  range  of  J  values  from  0.95  to  1.05,  the  forward  propeller 

showed  an  average  decrease  in  *1  values  of  0.8  percentage  points  from  November 

1978  to  April  1979.  The  aft  propeller  showed  an  average  increase  in  V 

•o 

values  of  3.4  percentage  points,  and  the  propellers  operating  as  a  unit 
showed  an  increase  in  values  of  1.3  percentage  points  from  November  1978 
to  April  1979.  The  decrease  in  Vq  with  the  forward  propeller  is  due  to  a 
small  increase  in  measured  torque,  and  the  increase  in  rj  q  with  the  aft 
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propeller  and  the  propellers  acting  as  a  unit  is  due  to  a  decrease  in 
measured  torque  from  the  aft  propeller  from  the  April  1979  open  water 
experiments . 

The  thrust  ratio  values  from  J  =  0.95  to  1.05  showed  little  change 
from  November  1978  to  April  1979,  but  the  torque  ratio  values  showed 
an  average  increase  of  0.05  in  April,  a  change  of  approximately  four 
percent. 

PROPULSION  EXPERIMENTS 

Propulsion  experiments  were  performed  on  Model  5362  in  the  deep 
water  basin  at  DTNSRDC.  Appendix  A  contains  the  data  from  the  model 
propulsion  experiments.  The  results  from  the  experiments  with  the  DTNSRDC 
and  LIPS  design  contrarotating  propellers  for  the  ballast  displacement 
are  shown  in  Figures  22  to  24,  ,  and  for  the  full  load  displacement  are 
shown  in  Figures  25  to  34.  The  results  are  also  presented  in  tabular 
form  in  Tables  6  to  18.  The  ITTC  correlation  line  was  used  with  a 

C.  =  0.00025  for  the  model-ship  correlation  allowance. 

A 

The  experiments  performed  in  November  1978  included  propulsion  experi¬ 
ments  at  the  full  load  and  ballast  displacements  with  the  DTNSRDC  and  LIPS 
design  contrarotating  propellers  in  their  design  positions.  The  experiments 
performed  in  April  1979  included  propulsion  experiments  with  the  DTNSRDC 
and  LIPS  design  contrarotating  propellers  in  both  the  forward  position 
(DTNSRDC  design  position)  and  aft  position  (LIPS  design  position)  at  the 
full  load  displacement  only.  Unless  otherwise  noted,  the  propeller  sets  are 
In  their  design  position.  There  was  an  additional  propulsion  experiment 
with  the  DTNSRDC  propellers  in  their  design  position,  using  an  rpm  ratio 

(N  /N  )  of  1.05  Instead  of  1.0.  Unless  otherwise  noted,  the  propellers 
r  A 

are  operating  at  an  rpm  ratio  (N  /N  )  of  1.0. 

r  A 

PROPULSIVE  COEFFICIENT 

The  values  of  the  propulsive  coefficient.  Op.  associated  with  the  model 
at  the  full  load  displacement  and  fitted  with  the  LIPS  design  contra¬ 
rotating  propellers  show  good  repeatability  between  the 
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November  and  April  propulsion  experiments.  The  values  are  identical  up 
to  12.1  m/s  (23.5  knots),  when  the  propulsive  coefficient  curve  from  the 
April  experiments  begins  to  drop  relative  to  the  November  1978  curve. 

The  difference  between  the  two  curves  is  one  and  a  half  percentage 
points  at  13. A  m/s  (26  knots),  which  is  within  the  experimental 
accuracy . 

The  values  of  the  propulsive  coefficient  associated  with  the 
model  at  the  full  load  displacement  and  fitted  with  the  DTNSRDC  design 
contrarotating  propellers  differ  from  the  November  1978  to  the  April  1979 
propulsion  experiments.  At  11.9  m/s  (23.1  knots),  ^  from  the  November 
experiments  is  0.758,  and  the  17^  value  from  the  April  experiments  is 
0.785.  Since  the  difference  in  the  values  of  is  within  the  experi¬ 
mental  accuracy,  it  was  decided  to  use  the  average  of  the  'I-  values  from 
November  and  April.  Because  the  average  value  of  is  used,  the  values 
of  for  the  model  at  the  ballast  displacement  and  also  at  the  full  load 
displacement  with  the  propellers  moved  aft  have  been  raised  or  lowered 
to  keep  the  relationships  between  the  two  displacements  and  two  propeller 
positions  the  same.  Therefore,  the  17^  value  at  11.9  m/s  (23.1  knots)  for 
the  model  at  the  ballast  condition  is  raised  from  0.765  to  0.775,  the 
Tp  value  for  the  model  with  the  DTNSRDC  propellers  moved  aft  is  lowered 
from  0.780  to  0.765,  and  the  *?D  value  for  the  model  with  the  DTNSRDC 
propellers  at  an  rpm  ratio  of  1.0  is  lowered  from  0.775  to  0.760. 

At  the  design  speed,  11.9  m/s  (23.1  knots),  the  propulsive  coefficient 
associated  with  the  DTNSRDC  propellers  is  greater  than  or  equal  to  that 
associated  with  the  LIPS  propellers,  i.e.,  0.770  and  0.775  for  the 
DTNSRDC  propellers  compared  to  0.765  and  0.775  for  the  LIPS  propellers 
at  the  full  load  and  ballast  displacements,  respectively.  If  the  LIPS 
propellers  were  moved  forward  from  their  design  position  to  the  design 
position  for  the  DTNSRDC  propellers,  the  >?D  value  with  the  LIPS  propellers 
would  Increase  to  0.775.  Conversely,  if  the  DTNSRDC  propellers  were  moved 
aft  to  the  LIPS  design  position,  the  1  value  would  decrease  to  0.765. 

It  should  be  noted  that  all  of  these  differences  are  within  experimental 
accuracy.  Because  of  this,  the  propulsive  performance  of  the  two  sets 
of  propellers  is  considered  to  be  equivalent. 
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The  propulsive  coefficient  value  associated  with  the  DTNSRDC  propellers 
at  a  ship  speed  of  11.9  m/s  (23.1  knots)  decreases  from  0.770  at  an  rpm 
ratio  of  1.0  to  0.760  at  an  rpm  ratio  of  1.05.  Because  the  results  for 
both  rpm  ratios  are  basically  the  same,  there  is  no  significant  effect 
due  to  not  running  at  the  design  torque  ratio. 

A  comparison  of  the  powering  characteristics  of  the  single  screw 
propeller  to  both  sets  of  contrarotating  propellers  at  the  ballast  dis¬ 
placement  is  given  in  Table  19  .  These  results  indicate  that  the 
contrarotating  propellers  are  12-13%  more  efficient  than  the  existing 
single  screw  propeller  at  23.1  knots.  Because  the  only  model  propulsion 
experiments  using  a  single  screw  propeller  were  performed  with  the  model 
at  the  ballast  displacement,  there  can  be  no  comparison  of  the  powering 
characteristics  with  the  model  with  either  set  of  contrarotating  propellers 
at  the  full  load  displacement.  However,  a  similar  improvement  in  efficiency 
is  expected  at  the  full  load  displacement  with  the  contrarotating  propellers. 

THRUST  DEDUCTION 

The  difference  between  the  thrust  deduction  values  from  the  November 
1979  experiments  with  the  two  pairs  of  contrarotating  propellers  was  larger 
than  expected.  For  the  design  speed  of  11.9  m/s  (23.1  knots)  and  the  full 
load  displacement,  the  thrust  deduction  value  for  the  model  fitted  with  the 
DTNSRDC  propellers  was  0.915,  compared  to  a  thrust  deduction  value  of  0.860 
for  the  model  fitted  with  the  LIPS  propellers.  One  possible  explanation  of 
this  difference  was  the  fact  the  the  LIPS  propellers  were  designed  so  that 
the  aft  propeller  was  closer  to  the  rudder  than  the  aft  DTNSRDC  propeller,  lb 
further  clarify  this  difference,  additional  experiments  were  undertaken 
in  April  1979.  Alterations  were  made  to  allow  the  DTNSRDC  propellers  to 
be  moved  aft  to  the  LIPS  design  position,  and  the  LIPS  propellers  to  be 
moved  forward  to  the  DTNSRDC  design  position. 

The  thrust  measured  from  both  pairs  of  contrarotating  propellers  was 
higher  during  the  April  1979  experiments  than  during  the  November  1978 
experiments.  The  values  of  the  thrust  deduction  at  11.9  m/s  (23.1  knots) 
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from  the  April  1979  experiments  for  the  DTNSRDC  propellers  were  0.940  and 
0.965,  and  for  the  LIPS  propellers  were  0.975  and  0.950,  for  the  propellers 
in  the  forward  (DTNSRDC)  and  aft  (LIPS)  positions,  respectively.  The 
difference  between  the  values  of  the  thrust  for  the  DTNSRDC  and  LIPS 
propellers  in  their  respective  design  positions  is  more  acceptable,  and  it 
should  be  noted  that  the  difference  in  the  values  of  the  thrust  between 
each  of  the  two  propeller  sets  in  the  two  different  positions  is  within 
the  experimental  accuracy.  Because  of  the  better  agreement  in  thrust 
values  from  the  April  experiments,  the  thrust  measurements  from  the 
November  experiments  appear  to  be  in  error.  The  previously  reported 
data  are  based  on  the  results  from  the  April  1979  experiments. 

The  thrust  deduction  value  measured  with  the  DTNSRDC  propellers 
operating  at  an  rpm  ratio  (Nj,/N^)  of  1.05  was  0.90  at  11.9  m/s  (23.1  knots), 
much  lower  than  the  values  associated  with  an  rpm  ratio  of  1.0.  This  low 
value  indicates  that  there  were  some  problems  in  the  thrust  measurements. 

The  variations  in  the  thrust  deduction  mentioned  earlier  serve  to 
illustrate  the  difficulties  associated  with  obtaining  good  thrust  measure¬ 
ments  from  contrarotating  propulsion  experiments.  These  difficulties  are 
further  aggravated  by  the  long  lengths  of  shafting  required  by  the  propul¬ 
sion  arrangement  on  the  Stretched  PONCE  DE  LEON  model.  Because  of  the 
possibility  of  errors  in  the  thrust  measurements  from  the  November 
experiments,  special  care  was  taken  in  eliminating  the  probable  sources 
of  these  difficulties  before  the  April  experiments,  including  repolishing 
the  propeller  shafts  and  replacing  the  shaft  bearings. 

TORQUE  RATIO 

Both  the  DTNSRDC  and  the  LIPS  design  contrarotating  propellers  were 
designed  to  meet  a  torque  ratio  (Q^/Q^)  °f  1-278  at  23.1  knots  with  an  rpm 
ratio  of  1.0.  The  torque  ratio  values  measured  during  the  November  1978 
experiments  were  0.965  and  0.940  for  the  DTNSRDC  propellers,  and  1.140 
and  1.115  for  the  LIPS  propellers  at  the  full  load  and  ballast  displace¬ 
ments,  respectively. 
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One  of  the  reasons  for  repeating  the  propulsion  experiments  in  April 
1979  was  because  the  propellers  did  not  reach  their  design  torque  ratio. 

The  torque  ratio  values  measured  during  the  April  1979  propulsion  experi¬ 
ments  at  the  full  load  displacement  was  0.903  and  0.909  for  the  DTNSRDC 
propellers  and  1.189  and  1.183  for  the  LIPS  propellers  in  the  forward  (DTNSRDC) 
and  aft  (LIPS)  propeller  positions,  respectively.  Again,  neither  propeller 
set  met  the  design  torque  ratio,  and  there  was  a  decrease  in  the  torque 
ratio  values  measured  for  the  DTNSRDC  propeller  from  November  to  April. 

One  possible  source  of  these  differences  in  torque  ratio  values  is 
insufficient  accuracy  in  the  propeller  manufacture.  Tables  2  to  5 
contain  propeller  measurements  taken  after  the  experiments  were  completed. 
These  measurements  indicate  that  the  average  pitch  is  1.6  and  1.0  percent 
lower  than  the  design  value  on  the  DTNSRDC  propellers  (propellers  4731  and 
4732,  respectively).  The  average  pitch  is  0.7  and  1.2  percent  higher 
than  the  design  value  on  the  LIPS  propellers  (propellers  9019  and  9020, 
respectively).  These  differences  in  pitch  from  the  design  values  may 

account  for  some  of  the  differences  in  the  torque  ratio.  The  lower  measured 
pitch  of  the  DTNSRDC  propellers  may  account  for  the  fact  that  the  DTNSRDC 
propellers  are  operating  at  92.4  RPM  rather  than  the  90  RPM  at  which  they 
were  designed  to  operate. 

If  the  propellers  were  to  operate  at  a  torque  ratio  of  1.278  either 
the  pitch  or  the  RPM  ratio  of  the  propellers  would  have  to  be  changed.  To 
quantify  the  change  in  pitch  which  would  be  required  to  meet  the  design 
criteria,  the  DTNSRDC  design  propellers  were  evaluated  at  an  RPM  ratio 
(Np/N^)  of  1.05  in  April  1979.  This  was  equivalent  to  increasing  the  pitch 
of  the  forward  propeller  by  5  percent.  The  torque  ratio  values  measured 
using  the  higher  RPM  ratio  increased  to  1.220  at  23.1  knots.  This  torque 
ratio  was  achieved  with  no  loss  in  propulsive  efficiency. 

A  linear  extrapolation  of  these  results  using  a  torque  ratio  of 
0.909  at  an  RPM  ratio  of  1.0  and  a  torque  ratio  of  1.220  at  an  RPM  ratio 
of  1.05,  yields  an  RPM  ratio  of  1.06  for  a  torque  ratio  of  1.278.  This 
neans  that  the  desired  torque  ratio  can  be  achieved  by  either  accepting 
an  RPM  difference  of  5  or  6  RPM  between  the  forward  and  after  propeller 
or  by  changing  the  pitch  of  the  propellers.  If  the  propeller  pitch  is 
to  be  changed,  the  desired  torque  ratio  can  be  obtained  by  either 
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increasing  the  pitch  of  the  forward  propeller  5  to  6  percent  (taking  the 
error  in  manufacture  into  account) ,  or  by  increasing  the  pitch  of  the 
forward  propeller  by  2  to  3  percent  and  decreasing  the  pitch  of  the  after 
propeller  by  a  similar  amount.  Such  design  changes  should  not  be  under¬ 
taken  without  a  detailed  analysis;  but  the  desired  torque  ratio  can 
probably  be  obtained  without  loss  in  propulsive  performance.  Similar 
changes,  though  smaller,  could  be  made  for  the  LIPS  propellers  to  bring 
them  up  to  the  design  torque  ratio. 

Thrust  Ratio 

The  model  fitted  with  either  set  of  contrarotating  propellers  shows 
an  increase  in  the  thrust  ratio  values  from  the  November  1978  to  the  April 
1979  propulsion  experiments.  The  thrust  ratio  values  from  the  November 
propulsion  experiments  at  the  design  speed,  11.9  m/s  (23.1  knots)  are 
0.785  and  0.770  for  the  DTNSRDC  propellers  and  1.095  and  1.060  for  the 
LIPS  propellers  in  the  full  load  and  ballast  conditions,  respectively. 

The  thrust  ratio  values  from  the  April  propulsion  experiments  are  0.826 
and  0.875  for  the  DTNSRDC  propellers  and  1.189  and  1.183  for  the  LIPS 
propellers  In  the  forward  (DTNSRDC)  and  aft  (LIPS)  propeller  positions, 
respectively.  Since  there  ware  problems  with  the  thrust  measurement 
during  the  November  experiments,  the  thrust  ratio  values  from  the  April 
experiments  at  an  rpm  ratio  of  1.0  are  assumed  to  be  correct.  The 
increases  in  the  thrust  ratio  values  in  April  are  mainly  due  to  larger 
thrust  values  measured  from  the  forward  propellers. 

The  thrust  ratio  values  of  the  DTNSRDC  propellers  at  11.9  m/s  (23.1  knots), 
and  operating  at  an  rpm  ratio  of  1.05,  is  0.952,  higher  than  that  associated 
with  the  propellers  operating  at  an  rpm  ratio  of  1.0. 

It  should  be  noted  that  there  were  problems  with  the  unfaired  thrust 
ratio  values,  shown  in  Figures  35  to  A3.  These  problems,  consisting  of 
large  amounts  of  scatter  or  unreasonable  values,  were  most  noticeable  with 
the  model  fitted  with  the  L.TPS  propeller, or  with  the  DTNSRDC  propellers  at 
an  rpm  ratio  of  1.05, from  the  April  1979  propulsion  experiments.  Some  of 
the  bad  values  corresponded  to  unreasonable  thrust  deduction  values  (1-t  near 
or  greater  than  1.0).  When  these  problems  were  significant,  the  open  water 
thrust  ratio  curves  were  used  as  guides  in  fairing  t  lie  thrust  ratio  curves. 
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The  ratio  of  the  propulsive  coefficient  of  the  forward  propeller  to 
that  of  the  aft  propeller,  (Opp/Op^) »  can  be  use^  to  analyze  the  relation¬ 
ship  between  the  thrust  and  torque  ratio  values.  The  ratio  nDF%A  iS 
equivalent  to  the  ratio  of  the  thrust  ratio  to  the  torque  ratio,  (T^/T^)/ 
(Qf/QaK  divided  by  the  rpm  ratio,  (Np/N^) .  A  value  of  Opp/Op^  significantly 
different  from  1.0  will  indicate  that  there  are  problems  with  either  the 
thrust  or  torque  measurements.  It  should  be  noted  that  Opp/Hp^  as  defined 
here  is  a  simple  tool  for  examing  possible  problems  with  the  thrust  or 
torque  values,  and  should  only  be  considered  as  such. 

The  value  of  n  /n^  from  the  April  experiments  at  11.9  m/s  (23.1  knots) 
is  0.91  for  the  DTNSRDC  propellers,  compared  to  0.99  for  the  LIPS  propellers. 
The  small  difference  in  O^p/hp^  between  the  DTNSRDC  and  LIPS  propellers 
(compared  to  the  differences  between  the  thrust  and  torque  ratios)  implies 
that  the  lower  thrust  ratios  of  the  DTNSRDC  propeller  are  compensated 
by  their  lower  torque  ratios. 

The  thrust  ratio  values  associated  with  the  DTNSRDC  design  contra¬ 
rotating  propellers  are  much  lower  than  the  thrust  ratio  values 
associated  with  the-  LIPS  design  contrarotating  propellers.  However,  due 
to  the  lower  torque  ratio  values  of  the  DTNSRDC  propellers,  the  ratios 
r|DF^,|DA  are  not  all  that  much  different. 

At  a  J  value  corresponding  to  11.9  m/s  (23.1  knots),  the  DTNSRDC 

forward  propeller  open  water  efficiency  increases,  and  the  aft  propeller 

open  water  efficiency  decreases  in  changing  from  an  rpm  ratio  of  1.0  to 

an  rpm  ratio  of  1.05.  This  would  indicate  that  rjpp  Dp^  should  increase 

since  the  ratio  of  the  open  water  efficiencies  of  the  forward  to  the  aft 

propeller  increases.  However,  the  !i  /n  value  decreased  from  0.91  at 

Dr  DA 

an  rpm  ratio  of  1.0  to  0.743  at  an  rpm  ratio  of  1.05. 

The  low  nnr/nn.  value  for  the  DTNSRDC  propellers  at  N_/N  =  1.05  is 

D  r  DA  r  A 

not  due  to  problems  with  the  torque  ratios  (since  the  open  water  efficiency 
and  the  propulsive  coefficients  for  both  rpm  ratios  are  within  the 
experimental  accuracy)  but  is  due  to  problems  with  the  thrust  measurements. 
The  Low  thrust  ratio  values  combined  with  the  low  thrust  deduction  values 
indicate  that  the  measure  forward  propeller  thrust  values  may  be  lower 
than  the  actual  forward  propeller  thrust  values. 
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CONCLUSIONS 

1.  Because  the  difference  between  propulsive  coefficient  values  at 
the  design  speed  of  11.9  m/s  (23.1  knots),  for  the  ship  fitted  with  both 
the  LIPS  and  the  DTNSRDC  contrarotating  propellers,  is  within  the  experi¬ 
mental  accuracy,  the  propulsive  performance  of  the  ship  fitted  with  either 
of  the  two  sets  of  propellers  is  considered  to  be  identical. 

2.  Model  experiments  conducted  in  the  ballast  condition  indicate 
that  the  contrarotating  propellers  are  12-13%  more  efficient  than  the 
existing  single  screw  propeller.  A  similar  improvement  in  efficiency  is 
expected  at  the  full  load  displacement. 

3.  Small  differences  in  the  longitudinal  position  of  the  propeller 
sets  have  effects  on  the  propulsive  performance  that  are  within  the 
experimental  accuracy. 

4.  A  small  change  in  the  propeller  rpm  ratio  (Nj,/NA)  can  greatly 
increase  the  torque  ratio  (Qf/QA)  while  having  effects  on  the  propulsive 
coefficient  that  are  within  the  experimental  accuracy. 

5.  Because  neither  the  DTNSRDC  nor  LIPS  propeller  sets  meet  the 

required  torque  ratio  (CL./Q.),  an  additional  propulsion  experiment  was 

r  A 

conducted  with  the  model  fitted  with  the  DTNSRDC  propellers  operating  at 
N„/N,  =  1.05  to  investigate  the  amount  of  propeller  pitch  change  or  the 
rpm  ratio  needed  to  reach  the  design  torque  ratio.  A  linear  extrapolation 
using  the  torque  ratios  from  experiments  with  N^/N^  =1.0  and  Np/N^  =  1.05 
indicate  that  the  DTNSRDC  propellers  will  meet  the  desired  torque  ratio 
at  an  rpm  ratio  of  1.05  or  with  a  6  percent  change  in  pitch;  with  no  change 
in  propulsive  coefficient.  Similar  changes,  though  smaller,  could  be  made 
for  the  LIPS  propellers  to  bring  them  up  to  the  design  torque  ratio. 

6.  The  open  water  thrust  ratio  values  can  be  used  as  a  guide  in 
fairing  thrust  ratio  values  that  seem  unreasonable  or  show  a  large  amount 
of  scatter. 
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Figure  1  -  Abbreviated  Profile  and  Stern  Tines 
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Figure  2  -  Photograph#  of  Design  Contrarotating  Propellers 
4731  and  4732  (DTflSRDC) 
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Figure  3  -  Photographs  of  Design  Contrarotating  Propellers 
9019  and  9020  (LIPS) 


Figure  4  -  Drawing  of  Propeller  4731  (DTNSRDC  Forward) 


Figure  5  -  Drawing  of  Propeller  4732  (DT1JSRDC  Aft) 


Figure  8  -  DTNSRDC  Design  Contrarotating  Propellers  4731 

and  4732  on  Model  5362  in  their  Design  Position 
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Figure  9  -  LIPS  Design  Contrarotating  Propellers  9019  and 
9020  on  Model  5362  in  their  Design  Position 
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Propellers  4731  and  4732 


(PSD  2055  -  4  -  79) 


Figure  11-  LIPS  Design  Contrarotating  Propellers  9019  and  9020  on 
Model  5362  in  the  DTNSRDC  Propeller  Design  Position 
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Figure  14  -  Unit  Open  Water  Curves  for  the  LIPS  Design  Contrarotating 
Propellers  9019  and  9020  from  the  November  1978  Open  Water 
Experiments 
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Figure  15  -  Open  Water  Curves  for  the  LIPS  Design  Contrarotating 
Propellers  9019  and  9020  Operating  as  a  Pair  f rcm  the 
November  1978  Open  Water  Experiments 
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Figure  16  -  Unit  Open  Water  Curves  for  the  DTNSRDC  Design  Contrarotating 
Propellers  4731  and  4732  from  the  April  1979  Open  Water 
Experiments 
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Figure  17  -  Open  Water  Curves  for  the  DTNSRDC  Design  Contrarotating 
Propellers  4731  and  4732  Operating  as  a  Pair  from  the 
April  1979  Open  Water  Experiments 
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Figure  19  -  Open  Water  Curves  for  the  LIPS  Design  Contrarotating 
Propellers  9019  and  9020  Operating  as  a  Pair  from  the 
April  1979  Open  Water  F.xperiments 
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e  20  -  Unit  Open  Water  Curves  for  the  DTNSRDC  Design  Contrarotating 
Propellers  4731  and  4732  from  the  May  1980  Open  Water 
Experiments  at  an  RPM  Ratio  of  1.05. 
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Figure  22  -  Ballast  Displacement  Powering  Characteristics  for  the  Stretched  PONCE  DE  LEON 
(SPDL)  Class  RO/RO  Ship  with  the  DTNSRDC  Design  Propellers  From  the  November 
1978  Propulsion  Experiments  with  the  Original  Propulsive  Coefficients  (Model 
5362  with  Propellers  DTNSRDC  4731  and  4732) 
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THRUST  RATIO  (Tp/TA),  TORQUE  RATIO  (Qp  ;QA) 
AND  PROPl'LS PVE  COEFFICIENT  (r)n) 


POWERING  CHARACTERISTICS  FOR  SUN  SPDL 
ESTIMATED  FROM  THE  NOVEMBER  1978 
PROPULSION  EXPERIMENTS  WITH  MODEX  5  362 
AND  PROPELLERS  4731  AND  4732  (DTNSRDC) 
AT  THE  BALLAST  DISPLACEMENT  WITH  THE 
MODIFIED  PROPULSIVE  COEFFICIENTS 
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igure  21"  Ballast  Displacement  Powering  Characteristics  for  the  Stretched  PONCE  DP  LEON 
(SPDL)  Class  RO/RO  Ship  with  the  DTNSRDC  Design  Propellers  From  the  November 
1978  Propulsion  Experiments  with  the  Corrected  Ptopulsive  Coefficients  (Model 
5362  with  Propellers  DTNSRDC  4731  and  4732) 
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POWERING  CHARACTERISTICS  FOR  SEN  SPDL 
ESTIMATED  FROM  THE  NOVEMBER  1978 
PROPtXSTON  EXPERIMENTS  WITH  MODEL  5362 
AND  PROPELLERS  9019  AND  9020  (LIPS) 

AT  THE  BALLAST  DISPLACEMENT 
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Figure  26'  Full  Load  Dlapl arenent  Powering  Characteristics  for  the  Stretched  TONCE  DE 

LEON  (SPDL)  Class  RO/RO  Ship  with  the  DTNSRDC  Design  Propellers  From  the  April 
1979  Propulsion  Experiments  with  the  Original  Propulsive  Coef f 1 c lent s  (Model 
5362  with  Propellers  DTNSRDC  6731  and  6732) 
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THRUST  RATIO  (Tf/TA),  TORQUE  RATIO  (Qp  /Qa) 
AND  PROPULSIVE  COEFFICIENT  (9n) 


POWERING  CHARACTERISTICS  FOR  SUN  SPui. 

ESTIMATED  FROM  THE  ,\PRIL  1979 
PROPULSION  EXPERIMENTS  WITH  MODE!.  5362 
AND  PROPELLERS  9731  AND  4732  (DTNSRDC) 
AT  THE  FULL  LOAD  DISPLACEMENT  WITH  THE 
AVERAGED  PROPULSIVE  COEFFICIENTS 


LENGTH  (LWL) 

750.75 

FT 

(228.83m) 

BEAM 

92.0 

FT 

(  28.04m) 

DISPLACEMENT 

29990 

TON* 

( 30470Mg) 

DRAFT-BOW 

27.0 

FT 

(  8.23m) 

DRAFT- STERN 

27.0 

FT 

(  8.23ml 

WETTED 

SURFACE 

75660  SQ 

FT 

(7029m2) 

PROPELLERS 

FORWARD 

AFT 

NUMBER 

4731 

4732 

DIAMETER 

21.00  FT 

20.00  FT 

(6 . 4m) 

(6 . 095m) 

NO.  OF  BLADES 

5 

4 

ROTATION 

1 ::::::::: 1 ::::::::: r: : rr. 

L.H. 

TT :: I i : 

R.H. 

.1 :::::::: 

1.2U 


1.10 


1.00 


0.90 


0.80 


0.  70 


0.60 


Figure  27  -  Full  Load  Displacement  Powering  Chnrnrterl st i rn  for  the  Stretched  PONCE  DK 

IKON  (SPDI.)  Class  RO/RO  SI, Ip  with  the  PTNcRPi  listen  Impellers  From  the  April 
1979  Propulsion  experiments  with  the  Averages  1  repulsive  Coefficients  (Model 
5362  with  Propellers  DTNSRDC  4 7  11  and  4737) 


HORSEPOWER  (THOUSANDS) 


THRUST  RATIO  (TF/TA),  TORQUE  RATIO  (Qf  /Qa) 


POWFRINC  CHARACTERISTICS  FOR  SUN  SPDL  : 

ESTIMATED  FROMMTHF.  APRIL  1979 
PROPULSION  EXPERIMENTS  WITH  MODEL  5362  - 
AND  PROPELLERS  9731  AND  9732  (DTNSRDC) 

IN  THE  LIPS  DESIGN  POSITION  (AFT) 

AT  THE  FULL  LOAD  DISPLACEMENT  WITH  THE  • 
ORIGINAL  PROPULSIVE  COEFFICIENTS 


LENGTH  (LWL) 

750.75 

FT 

(228.83a) 

BEAM 

92.0 

FT 

(  28.09a) 

DISPLACEMENT 

29990 

TONS 

(30970M8) 

DRAFT- BOW 

27.0 

FT 

(  8.23a) 

DRAFT- STERN 

27.0 

FT 

(  8.23a) 

WETTED 

SURFACE 

75660  SO 

FT 

(7029a2) 

PROPELLER! 

5  FORWARD 

AFT 

NUMBER 

DIAMETER 

120  NO.  OF  BLADES 
ROTATION 


9731 

21.00  FT 
(6.9a) 

5 

L.H. 


HTC  MODEL-SHIP  CORRELATION"  I. IN! 
CORRELATION  ALLOWANCE  CA  -  0,00025 


9732 

20.00  FT 
(6.096a) 
9 

R.H. 


"~h . ■ 


16  17  18 


19  20  21  22  23  29 


25  26  Knots 


13  M/e 


39  .  25 


26  «*> 

I  I 

29  o 


14  t  10 


Figure  28-  Full  Load  Displacement  Powering  Character!  at  les  for  the  Stretched  PONCE  DE 
LEON  (SPDL)  Class  RO/RO  Ship  wi th  the  DTNSRDC  Design  Propellers  In  the  LIPS 
Propeller  Design  Position  (aft)  From  the  April  1979  Propulsion  Experiments 
with  the  Original  Propulsive  Coefficients  (Model  5362  with  Propellers  DTNSRDC 
9  731  and  9732) 
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POWERING  CHARACTERISTICS  FOR  SUN  SPDL 


ESTIMATED  FROM  THE  APRIL  1979 


PROPULSION  EXPERIMENTS  WITH  MODEL  5362 


AND  PROPELLERS  4731  AND  4732  (DTNSRDC) 


IN  THE  LIPS  DESIGN  POSITION  (AFT) 


AT  THE  FULL  LOAD  DISPLACEMENT  WITH  THE 


MODIFIED  PROPULSIVE  COEFFICIENTS 


LENGTH  (LWL) 
BEAM 

DISPLACEMEN1 
DRAFT- BOW 
DRAFT- STEIN 
WETTED 
SURFACE 


750.75 

FT 

(228.83a) 

92.0 

FT 

(  28.04«) 

29990 

TONI 

(30470Kg) 

27.0 

FT 

(  8.23a) 

27.0 

FT 

(  8.23a) 

75660  SQ 

FT 

PROPELLERS 


NUMBER 

DIAMETER 


NO.  OF  BLADES 


ROTATION 


FORWARD 

AFT 

21.00  FT 

1  20.00  FT 

(6.4a) 

(6.096a) 

5 

4 

L.H. 

R.H. 

i  . i . , . , .  ,  . 

ITTC  MODEL-SHIP  CORRELATION  LINE 
CORRELATION  ALLOWANCE  C.  -  0.00025 


w  (L 

BE  1-00' 


5§  °-70 


25  26  Knots 


13  M/s 


34  125 


26  <«  « 

I:  1 


Figure  ,'0  -  Full  Load  Displacement  Powering  Charset erl st  1  cs  for  the  Stretched  PONCE  DE 
LEON  (SPDL)  Class  RO/RO  Ship  with  the  DTNSRDC  Design  Propellers  In  the  LIPS 
Propeller  Design  Position  (aft)  From  the  April  1979  Propulsion  Experiments 

with  the  Corrected  Propulsive  leet  f  i  c  i  cut  s  (Model  •Ih."’  with.  Propellers  DTNSRDC 
4731  and  4732) 
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POWERING  CHARACTERISTICS  FOR  SUN  SPDL 
ESTIMATED  FROM  THE  NOVEMBER  1978 
PROPULSION  EXPERIMENTS  WITH  MODEL  5362 
AND  PROPELLERS  9019  AND  9020  (LIPS) 
_ AT  TH^  FULL  LOAD  DISPLACEMENT 


LENGTH (LWL)  750.75  FT 
BEAM  92.0  FT 
DISPLACEMENT  29990  TOI 
DRAFT- BOW  27.0  FT 
DRAFT-STERN  27.0  FT 
WETTED 

SURFACE  75660  SO 


(228.83m) 
(  28.09m) 
IS  (30970Mg) 
(  8.23m) 

(  8.23m) 

FT  (7029m2) 


PROPELLERS 

"number 

DIAMETER 


|N0.  OF  BLADES 

[rotation 


9019 

21.00  FT 
(6 . 9m) 

5 

R.H. 


9020 

20.00  FT 
(6.093m) 
9 

L.H. 


fi.  _J 

H  3  0,80 


!§  °-70 


ITTC  MODEL-SHIP  CORRELATION  I.TNE 

CORRELATION  ALLOWANCE  C,  -  0.00025 
A 


T  /  T  •  '  " :  ‘ 

F  'a  16 


17  18  19  20  21  22  23  24 


2*j  26  Knots 


M  M/s 


Figure  30-  Full  Load  Displacement  Powering  Characteristics  for  the  r. t .  ,u-d  NCI  DE 

[EON  (SPDL)  Class  RO/RO  Ship  with  the  LITS  Design  rrop.-Ilers  F«".„  >'<'  ^™ber 

1978  Propulsion  Experiments  (Model  5362  with  Vrnpellers  UPS  WU  md  9020) 


THRUST  RATIO  (Tf/Ta),  TORQUE  RATIO  (Qf /Qa) 
AND  PROPULSIVE  COEFFICIENT  (Dn) 


POWERING  CHARACTERISTICS  FOR  SUN  SPDL  IHHHlHHHlHit 


ESTIMATED  FROM  THE  APRIL  1979  KHH  jT  gffifjf  411: 1 pt  M  Hh M 
PROPULSION  EXPERIMENTS  WITH  MODEL  5362  M  M  ftti  M  M g  r 
AND  PROPELLERS  9019  AND  9020  (LIPS)  Hr  Hi  ijj| ffliTlj 
AT  THE  FULL  LOAD  DISPLACEMENT  IHHi  tig :  Ht  FgH 

.  . .  . ~ — Z  D  4 

LENCTH(LWL)  750.75  FT  (228.83ml  f  if | ffi  ft  ?  iig-  j \ |j  j=f  tggf 

BEAM  92.0  FT  (  28.04m)  jgfefjgM  iMlgl 

DISPLACEMENT  29990  TONS  (30470Mg)  ffif  jiH  Miii!  Mg 

DRAFT-BOW  27.0  FT  (  8.23m) 

DRAFT-STERN  27.0  FT  (  8.23m)  gT  g  g|l3}|  Hjll# 

WETTED  2  |4g^gtgilg4|pp 

SURFACE  75660  SQ  FT  (7029ni  )  Hi,  :;H  ;H  HI  IWg 


i  m  t 


PROPELLERS 


FORWARD 


NUMBER  9019  9020  HHH  ifHH 

DIAMETER  21.00  FT  20.00  FT  HijH?f5rH 

(6.4m)  (6.093m)  HggHlig 

NO.  OF  BLADES  5  4  Htipjf  1:1:  il: 

ROTATION  1. . »♦«»  ■  J...,L.y.  VMtpSg  p  lF: 

Hi  ITTC  MODEL-SHIP  CORRELATION  LINE  ftg  Hggg 
Hi  CORRELATION  ALLOWANCE  C A  -  0.00025  W  jgg 


'  Hi  Hfj  hI  Hi  lii;  ft  ]  PE  H  jjftii: 

ipilHlPul!  Hip)  ppil 

. m  iP  « 


fHtH-HHH  Hi  H  i  28 


gil  i*.  Hi 


ill  ft  ft  ftp 

•Hi;  liitllkr  KilltH 


||  pi  laps 

Pt?  illllft  ftp 


•HirHkii 


if  ill  plif 


mm 


mm 


ifpHifn  tlHi  Hi  ih  Hi  gaHr  inniji  hhh  r 
.  .  „  !iti  till  miti:::  Htifti  Iftli  ;::H:!,»  i 

1.10  T 


?h  h?  HHSt  fisam  hhh  mi: 

0.90  11  gf  ||p|;|  j|Hpi'  Hr 

0.80 

...  Mi  Ml  IS  Ml  Pi 


•?  HHH  • 

I i  l;  Hu;  *t*ri*t«*  * 


;  :  si;:  h; 


HhtHhh  30 


RPM  HHi 


m  24- 

H  »f 


air 


v«Aif| 


ii T—  /T . 


Hi  Hi  Hi 

HiHHH  I* 


I  II 

1..,.  . . «<1 t 

HHH 


lift; 


0.70  ppf  ffpf  gap  Kg jjjtpsfjg jjtpf  ffHffltf  «jjiM gjgfe 8 
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Figure  31  -  Full  Load  Displacement  Powering  Characteristics  for  the  Stretched  PONCE  DE 
LEON  (SPDL)  Class  RO/RO  Ship  with  the  LIPS  Design  Propellers  From  the  April 
1979  Propulsion  Experiments  (Model  5362  with  Propellers  LIPS  9019  and  9020) 
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THRUST  RATIO  (Tf/Ta),  TORQUE  RATIO  (Qp /QA) 
AND  PROPULSIVE  COEFFICIENT  (>?n) 


42 


POWERING  CHARACTERISTICS  FOR  SUN  SPDL 
ESTIMATED  FROM  THE  APRIL  1979 
PROPULSION  EXPERIMENTS  WITH  MODEL  5362 
AND  PROPELLERS  9019  AND  9020  (LIPS)  IN 
THE  DTNSRDC  DESIGN  POSITION  (FORWARD) 
AT  THE  FULL  LOAD  DISPLACEMENT 


LENGTH (LWL) 

750.75 

FT 

(228.83m) 

BEAM 

92.0 

FT 

(  28.04m) 

DISPLACEMENT 

29990 

TONS 

(30470Mg) 

DRAFT-BOW 

27.0 

FT 

(  8.23m) 

DRAFT- STERN 

27.0 

FT 

(  8.23m) 

WETTED 

SURFACE 

75660 

SO  FT 

(7029m2) 

PROPELLERS 

NUMBER 
DIAMETER 


1.20 


1.10 


1.00 


0.90 


0.80 


0.70 


0.60. 


Figure  32  -  Full  Load  Displacement  Powering  Characteristics  for  the  Stretched  IMNl't  DE 
LEON  (SPDL)  Class  RO/RO  Ship  with  the  I. TPS  Design  Propellers  In  the  DTNSRDC 
Propeller  Design  Position  (forward)  From  the  April  1979  Propulsion  Experiments 
(Model  5362  with  Propellers  LIPS  9019  and  9020) 
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RAlIn  Of  I A)  ,  rnKOl'K  RATIO  (Op  /Qa) 
AND  PROPULSIVE  COEFFICIENT  (0D) 


POWERING  CHARACTERISTICS  FOR  SUN  SPDL 
ESTIMATED  FROM  THE  APRIL  1979 
PROPULSION  EXPERIMENTS  WITH  MODEL  5362 
AND  PROPELLERS  4731  AND  4732  (DTNSRDC) 
AT  THE  FULL  LOAD  DISPLACEMENT  WITH  AN 
RPM  RATIO  (Nf/Na)  OF  1.05  AND  WITH 
THE  AVERAGED  PROPULSIVE  COEFFICIENTS 


LENGTH  (LWL) 

750.75 

FT 

(228.83m) 

BEAM 

92.0 

n 

(  28.04m) 

DISPLACEMENT 

29990 

TONS 

(30470MS) 

DRAFT-BOW 

27.0 

FT 

(  8.23m) 

DRAFT-STERN 

27.0 

FT 

(  8. 23m) 

WETTED 

SURFACE 

75660  SQ 

FT 

(7029m2) 

propeller; 

5  FORWARD 

— i - - 

AFT 

— 1 - 7TTZ - 

DIAMETER 


21.00  FT 
(6.4m) 

5 

L.H. 


NO.  OF  BLADES  5  4 

ROTATION  I  L.H.  R. 

■  •  . :::::::: 

ITTC  MODEL-SHIP  CORRELATION  LINE 
CORRELATION  ALLOWANCE  CA  -  0,00025 


20.00  FT 
(6.096m) 
4 

K.H. 


as  0. 60 


16  17  18 


19  20  21  22 


23  24 


: 
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E 

t: 

■ 
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Q 

F/0A 

>-  T 
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1 

D  : 

25  26  Knots 


13  M/s 


Figure  33-  Full  Load  Displacement  Powering  Characteristics  for  the  Stretched  PONCE  DE 
LEON  (SPDL)  Class  RO/RO  Ship  with  the  DTNSRDC  Propellers  st  an  RPM  Ratio 
(Nf/Na)  OF  1,05  from  the  April  1979  Propulsion  Experiments  with  the 
Original  Propulsive  Coefficients  (Model  5362  with  Propellers  DTNSRDC  4731 
and  4732) 
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POWERING  CHARACTERISTICS  FOR  SON  SPDl,, 
ESTIMATED  FROM  THE  APRIL  1979 
PROPULSION  EXPERIMENTS  WITH  MODEL  5362 
AND  PROPELLERS  4731  AND  4732  (DTNSRDC) 
AT  THE  FULL  LOAD  DISPLACEMENT  WITH  AN 
RPM  RATIO  (Nf/Na)  OF  1,05  AND  WITH 
THE  AVERAGED  PROPULSIVE  COEFFICIENTS 


LENGTH  (LWL) 

750.75 

FT 

(228.83m) 

BEAM 

92.0 

FT 

(  28.04m) 

DISPLACEMENT 

29990 

TONS 

(30470Mg) 

DRAFT-BOW 

27.0 

FT 

(  8.23m) 

DRAFT-STERN 

27.0 

FT 

(  8.23m) 

WETTED 

SURFACE 

75660  SQ 

FT 

(7029m2) 

.... 

PROPELLERS 

FORWARD 

AFT 

NUMBER 

4731 

4732 

DIAMETER 

21.00  FT 

20.00  FT 

(6.4m) 

(6.096m) 

NO.  OF  BLADES 

5 

4 

ROTATION 

L.H. 

R.H. 

30 


25 
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Figure  34  -  Full  Load  Displacement  Fovpring  Charac t er 1  at  1 c«  for  the  Stretched  PONCE  DE 
LEON  (SPDL)  Class  RO/RO  Ship  with  the  DTNSRDC  Propellers  at  an  RPM  Ratio 
(Nf/NA)  of  1.05  From  the  April  1979  Propulsion  Experiments  with  the 

Corrected  Propulsive  Coefficients  (Model  sic.'  with  i’topel'.irs  UTNSRI'l'  4  771 

and  4732) 
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HIHHH! jitHbtP ::fwrfth ;i!i!»t:-  'rmtf . 

[uiiiuui  mmnu  aiiiuiu  maitm  ratting  atgaxn  Utut  all 


HuaHiisi 

ittttrti.'  nnimi "»■—•■  .  „  “  I,llllll; 


Reported  n. 


Open  Water  Q—./Q 


Open  Water  T  /T 


Reported  0. 


Faired  n. 


V  (Knots) 


Figure  35  -  Data  and  Faired  Curves  from  the  November  1978  Experiments 

with  Model  5362  at  the  Ballast  Displacement  Fitted  with  the 
DTNSRDC  Design  Contrarotating  Propellers  4731  and  4732 


V  (Knots) 


Data  and  Faired  Curves  from  the  November  1978  Experiments 
with  Model  5362  at  the  Full  Load  Displacement  Fitted  with 
the  DTNSRDC  Design  Contrarotating  Propellers  4731  and  4732 


Reported  D 


Open  Water  Q  /Q 


Open  Water  T_/T 


Reported  p 


V  (Knots) 


Data  and  Faired  Curves  from  the  April 
with  Model  5362  at  the  Full  Load  Disp 
the  DTNSRDC  Desi>;n  Contrarotating  Pts 


Reported  n 


Open  Water  0^/0 


Open  Water  T_/T 


Faired 


Reported  n 


V  (Knots) 


Data  and  Faired  Curves  t  re:-, 
with  yodel  hlhi’  at  the  Full 
the  DTWSHDC  Des  ip.n  Centrare 
i  I)  tin  i  I  ['rope  1  1  ers  in i 


Water  Q  /Q 


Open  Water  T  /T 


Faired  r> 


Modified  rlT 


i . -  J, 


Open  W*t«r  C^/Qa 


tf/ta 


Faired  9. 


Modified  9„ 


V  (knots) 

Figure  A3  -  Data  and  Faired  Curves  from  the  April  1979  Experiments  with 

Model  5362  at  the  Full  Load  Displacement  Fitted  with  the 

DTNSRPO  Design  Contrarotating  Propellers  4731  and  4732  at  an 

RPM  Ratio  (N_/N. )  of  1.05 
F  A 


TABU-  1 


I’rincipal  Dimensions  of  tlie  Stretched  PON'OF  DF  LEON 
(Sl'DL)  KO/RO  Ship  and  Model  5362 


Length  -  overall  790. 

Length  -  waterline  750. 

Length  between  733. 

perpendiculars 

Beam  -  molded  92. 

Disp] acement 

Full  Load  30060 

Ballast  22535 

Draft 

Full  Load  27. 

Ballast 

Bow  16. 

Stern  27. 


SHIP  MODEL 


75  ft 

(241.02 

m) 

31 . 38  ft 

(9.56  m) 

75  ft 

(228.83 

m) 

29.79  ft 

(9.08  m) 

75  ft 

(223.65 

m) 

20.12  ft 

(8.88  m) 

0  ft 

(  28,04 

m) 

3.65  ft 

(1.11  m ) 

tons 

(30540 

t  ) 

4208  lbs 

(1908  Vp) 

t  ons 

(22900 

t) 

3154  lbs 

(1431  Lg) 

0  ft 

(  8.23 

m) 

1.07  ft 

(0. 33  m) 

0  ft 

(  4,88  m) 

0.64  ft 

(0.19  m) 

0  ft 

(  8.23  m) 

1  .07  ft 

(0.33  m) 
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Table  2 


Measured 

and  Design  Offsets  from 

Propeller 

4731  (DTNSRDC 

Forward) 

1  inch  “  25.4  mm 

Blade  Number 

IAZ 

(Inches) 

AO 

(Degrees) 

Pitch 

(Inches) 

Design  Pitch 
(Inches) 

Percentage 
Pitch  Error 

Radius  50% 

1 

1.4072 

38.62 

13.12 

13.352 

-1.74 

2 

1.4073 

38.67 

13.10 

-1.89 

3 

1.4144 

38.57 

13.20 

-1.14 

4 

1.4006 

38.67 

13.04 

-2.34 

Radius  70% 

1 

1.0404 

28.67 

13.06 

13.360 

-2.25 

2 

1.0433 

28.52 

13.17 

-1.42 

3 

1.0480 

28.48 

13.24 

-0.83 

4 

1.0428 

28.50 

13.17 

-1.42 

5 

1.0407 

28.50 

13.15 

-1.58 

Radius  90% 

1 

.5742 

16.77 

12.33 

12.600 

-2.14 

2 

.5784 

16.83 

12.37 

-1.83 

3 

.5864 

16.92 

12.48 

-0.93 

4 

.5692 

16.55 

12.38 

-1.75 

5 

.5717 

16.60 

12.40 

-1.59 

MAXIMUM  THICKNESS  (INCHES) 

Blade  Number  50%  R 

70% 

90%  R 

Design 

Value  .195 

.136 

.099 

1 

.197 

.142 

.104 

2 

.201 

.143 

.106 

3 

.199 

.143 

.106 

4 

.201 

.142 

.100 

5 

.201 

.143 

.105 
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Table  3 


lieasureu 

and  design 

Offsets  from 

Propeller 

4732  (DTNSRDC 

Aft) 

Blade  Number 

iAZ 

1  inch  - 

.V 

25. 4  mm 
Pitch 

Design  Pitch 

Percentage 

( Inches) 

(Degrees) 

( Inches) 

(Inches) 

Pitch  Error 

Radius  50"' 

1 

1.4428 

37.66 

13.79 

13.905 

-0.83 

2 

1.4405 

37.78 

13.73 

-1.26 

3 

1.4429 

37.87 

13.72 

-1.33 

4 

1.4408 

37.47 

13.84 

-0.47 

Radius 

1 

90" 

1.0734 

28.47 

13.57 

13.714 

-1.05 

2 

1.0735 

28.58 

13.52 

-1.4 1 

3 

1.0784 

28.70 

13.53 

-1.34 

4 

1.0677 

28.16 

13.65 

-0.47 

Radius 

701 

1 

.5838 

16.97 

12.37 

12.524 

-1.23 

't 

.5832 

16.98 

12.36 

-1.31 

3 

.5903 

17.23 

12.33 

-1.55 

4 

.5883 

16.87 

12.55 

+0.21 

MAXIMUM 

THICKNESS 

(INCHES) 

Blade  Number 

50%  R 

70%  R 

90%  R 

Design  Value 

.186 

.130 

.094 

1 

.197 

.141 

.100 

2 

.196 

.138 

.097 

3 

.201 

,144 

.102 

4 

.193 

.138 

.096 

61 


T 


Table  4 

Measured  and  Design  Offsets  from  Propeller  9019  (LIPS  Forward) 


1  inch  - 

25 . 4  mm 

Blade  Number 

'AZ 

( Indies) 

AG 

(Degrees) 

Pitch  De 

( Inches) 

sign  Pitch 
(Inches) 

Percentage 
Pitch  Error 

Radius 

50% 

1 

1.398 

39.67 

12.688 

12.706 

-0.1 

2 

1.396 

39.70 

12.659 

-0.4 

3 

1.398 

39.73 

12.667 

-0.3 

4 

1.400 

39.68 

12.717 

+0.1 

5 

1.393 

39.68 

12.637 

-0.5 

Radius 

70% 

1 

1.177 

32.95 

12.859 

12.744 

+0.9 

2 

1.180 

33. 1" 

12.834 

+0.7 

3 

1.178 

33.07 

12.825 

+0.6 

4 

1.173 

33.10 

12.758 

+0.1 

5 

1.183 

33.03 

12.893 

+1.1 

Radius 

90% 

1 

.817 

23.72 

12.295 

12.220 

+0.6 

2 

.819 

23.87 

12.354 

+1.1 

3 

.823 

23.85 

12.423 

+1.7 

4 

.819 

23.80 

12.388 

+1.4 

5 

.816 

23.70 

12.395 

+1.4 

MAXIMUM  THICKNESS  (INCHES) 

Blade  Number  50%  R 

70%  R 

90%  R 

Design 

Value  .216 

.127 

.051 

1 

.228 

.127 

.036 

2 

.223 

.133 

.062 

3 

.227 

.135 

.068 

4 

.225 

.133 

.062 

5 

.221 

.133 

.061 
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Table  5 

Measured  and  design  Offsets  from  Propeller  9020  (LIPS  Aft) 


Blade  Number 

IAZ 

1  inch  ■ 

AQ 

25.4  mm 

Pitch 

Design  Pitch 

Percentage 

(Inches) 

(Degrees) 

(Inches) 

(Inches) 

Pitch  Error 

Radius  50% 

1 

1.509 

A2.20 

12.873 

12.759 

+0.9 

2 

1.509 

42.37 

12.822 

+0.5 

3 

1.A98 

42.32 

12.444 

-2.5 

4 

1.511 

42.18 

12.895 

-1.1 

Radius  70% 

1 

1.207 

33.10 

13.127 

12.934 

+1.5 

2 

1.198 

33.18 

12.997 

+0.5 

3 

1.201 

33.20 

12.997 

+0.5 

4 

1.205 

33.08 

13.112 

+1.4 

Radius  90% 

1 

.690 

20.20 

12.297 

12.014 

+2.4 

2 

.695 

20.42 

12.255 

+2.0 

3 

.700 

20.65 

12.203 

+1.6 

4 

.706 

20.53 

12.378 

+3.0 

MAXIMUM 

THICKNESS 

(INCHES) 

Blade  Number 

50%  R 

70%  R 

90%  R 

Design  Value 

.193 

.110 

.051 

1 

.197 

.113 

.051 

2 

.197 

.113 

.051 

3 

.198 

.116 

.053 

4 

.197 

.113 

.051 
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FILL  LOAD  DISPLACEMENT  POWERING  CHARACTERISTICS  FOR  THE  STRETCHED  PONCE 
DE  LEON  (SPDL)  CLASS  RO/RO  SHIP  WITH  THE  DTNSRDC  DESIGN  PROPELLERS  FROM 
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APPENDIX  A 


METHODS  USED  IN  FAIRING  THE  DATA 
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Figures  lr>  Lo  43  show  plots  of  the  model  test  data  and  the  correspond¬ 
ing  faired  curves.  The  data  include  the  propulsive  coefficient  *7  »  apparent 
advance  coefficient  J  ,  torque  ratio  Q  /Q  ,  thrust  ratio  T  /T  ,  relative 
rotative  ell  iciency  'ip,  and  thrust  deduction  1-t,  plotted  as  a  function 
ot  ship  speed.  The  figures  showing  the  data  from  the  experiments  with 
the  model  fitted  with  the  DTNSRDC  design  contrarotating  propellers  show 
both  the  faired  curves  and  the  curves  using  the  corrected  >1  values  (report¬ 
ed  data  curves) . 

Generally,  the  data  showed  more  scatter  as  the  speed  decreased. 

This  is  due  to  the  relatively  small  magnitude  of  the  quantities  measured, 
making  it  difficult  to  get  accurate  results. 

The  thrust  deduction  curves  are  faired  through  the  data  at  the  higher 
speeds,  and  assumed  constant  at  the  lower  speeds.  There  is  more  scatter 
in  the  thrust  deduction  data  from  April  than  from  November,  even  though 
the  faired  thrust  deduction  values  from  the  April  experiments  seem  more 
reasonable.  Some  of  the  thrust  deduction  values  from  April  seem 
unrealistic,  having  values  close  to  or  greater  than  1.0.  These  unrealistic 
values  usually  occur  at  the  lower  speeds  where  the  thrust  measurements  are 
less  accurate  because  of  their  small  magnitude. 

The  plots  of  the  tlirust  and  torque  ratios  include  both  the  open 
water  and  propulsion  experiment  curves.  The  sitape  of  the  open  water 
thrust  and  torque  ratio  curves  are  used  as  guides  in  fairing  curves 
through  the  tlirust  and  torque  ratio  data  from  the  propulsion  experiments. 

The  thrust  and  torque  ratio  curves  follow  the  calculated  values  from 
the  propulsion  experiments  reasonably  well.  The  only  exception  was  the 
thrust  ratio  of  the  TIPS  propellers  from  April,  Figures  41  and  42.  As  the 
speed  decreased,  the  thrust  ratio  values  sharply  increased.  This  is 
different  than  the  curves  from  November,  where  the  thrust  ratio  slowlv 
decreased  with  decreasing  speed.  The  open  water  thrust  ratio  curve  was 
used  as  a  guide  to  fair  these  curves. 

During  the  November  1978  propulsion  experiments,  the  data  was  taken 
in  tiie  standard  wav;  after  eacli  data  spot,  the  carriage  speed  was 
increased.  However,  during  the  April  1979  propulsion  experiments  the 
carriage  speed  was  increased  after  three  or  four  data  spots  were  taken 
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during  each  pass  dawn  the  basin.  The  second  method  allows  more  data  to 
he  taken  during  each  pass  down  the  basin  since  the  propeller  rpm  and 
towing  force  (F  )  does  not  have  to  be  frequently  ctianged.  However, 
because  many  of  the  speeds  were  later  repeated,  some  of  the  data  po  is. 
became  clustered  on  plots, which  made  it  difficult,  to  lair  a  line. 

No  loads  were  taken  at  the  beginning  and  end  of  each  e.xper  intent ,  and 
everv  four  hours  during  each  experiment.  Bollards  were  taken 
at  200  rpm  (model  scale)  before  each  pass  down  the  basin.  Plots  ot  the 
bollard  values  (thrusts  and  torques)  versus  the  number  ol  passes  down 
the  basin  were  used  as  guides  in  selecting  tue  correct  unload  values. 


DTNSRDC  ISSUES  THREE  TYPES  OF  REPORTS 

1.  DTNSRDC  REPORTS.  A  FORMAL  SERIES,  CONTAIN  INFORMATION  OF  PERMANENT  TECH 
NICAL  VALUE.  THEY  CARRY  A  CONSECUTIVE  NUMERICAL  IDENTIFICATION  REGARDLESS  OF 
THEIR  CLASSIFICATION  OR  THE  ORIGINATING  DEPARTMENT. 

2.  DEPARTMENTAL  REPORTS,  A  SEMIFORMAL  SERIES,  CONTAIN  INFORMATION  OF  A  PRELIM 
INARY,  TEMPORARY,  OR  PROPRIETARY  NATURE  OR  OF  LIMITED  INTEREST  OR  SIGNIFICANCE. 
THEY  CARRY  A  DEPARTMENTAL  ALPHANUMERICAL  IDENTIFICATION. 

3.  TECHNICAL  MfcMUHANDA,  AN  INFORMAL  SERIES,  CONTAIN  TECHNICAL  DOCUMENTATION 
OF  LIMITED  USE  AND  INTEREST.  THEY  ARE  PRIMARILY  WORKING  PAPERS  INTENDED  FOR  IN 
TERNAL  USE.  THEY  CARRY  AN  IDENTIFYING  NUMBER  WHICH  INDICATES  THEIR  TYPE  AND  THE 
NUMERICAL  CODE  OF  THE  ORIGINATING  DEPARTMENT.  ANY  DISTRIBUTION  OUTSIDE  DTNSRDC 
MUST  BE  APPROVED  BY  THE  HEAD  OF  THE  ORIGINATING  DEPARTMENT  ON  A  CASE-BY  CASE 
BASIS. 


